Introduction
Black pepper (Piper nigrum) is a perennial tropical crop with characteristic climbing features when fully matured. The commercial and nutritional potentials of this plant has earned it a place as the 'king of spice' [1] . Due to its amazing aroma, it is used essentially as food additive and also in traditional medicine to treat cold, fever and many inflammatory diseases [2] [3] [4] [5] . There are various studies on the numerous biological uses of black pepper extracts such as antioxidant, antibacterial, antiulcer, anti-tumour, anti-fertility, treatment of cardiovascular and free radical related diseases [4] [5] [6] . Due to these medicinal properties, there is a need to find an extraction method that is both effective and efficient in terms of higher yield and extracts quality. There are many extraction techniques that were previously used to extract bioactive oleoresins from black pepper. Among these were hydrotropic solubilization [6] , soxhlet extraction [1] , heat reflux [7] , high performance liquid chromatography [8] , supercritical fluid extraction [10] [11] [12] , ultrasonic-assisted [7] and hydrodistillation extraction [13] . Vittal [14] extracted oleoresin from black pepper with 95% ethyl alcohol using soxhlet apparatus. He concluded that soxhlet extraction method has disadvantages of longer extraction time and solvent contamination. Gupta [15] employed sonication methods using petroleum ether, chloroform, and alcohol. However, all the three solvents provided a need for further post-treatment, which could result in more processing time and cost. Rani and Saxena [1] used ethanol in soxhlet apparatus and further evaluated the antimicrobial activity of the extracts against bacteria and fungi. Mehmood and Gilani [5] also investigated the medicinal use of black pepper extracts in the treatment of gastrointestinal motility disorders. Zhang and Xu [16] compared the antioxidant Abstract Black pepper (Piper nigrum) is an essential tropical crop which doubled as spice in food industries and medicine in the treatment of free radical related disorders. For this study, microwave reflux method was employed in the extraction of bioactive oleoresin from black peppercorns. Extraction parameters such as irradiation time, microwave power, feed particle size and molar ratio were optimized. The effects of these parameters on the oleoresin yield and antiradical activities were investigated using a multi-level Taguchi methodology. The results obtained placed the optimum extraction condition at 120 min irradiation time, 350 W microwave power, 0.105 mm feed particle size and 12 g/ml molar ratio. Under this optimal condition, the oleoresin yield was obtained as 5.64% (w/w). However, the optimum percentage inhibitions of the extracted spice oleoresins on the stable DPPH and hydrogen peroxide radicals were estimated to be 88.75 and 90.31%, respectively. Moreover, the Fourier transform infrared (FTIR) analysis confirmed the presence of unsaturated amide groups, which validated the antioxidant potential of the black pepper extract. The scanning electronic microscopy (SEM) further elucidated the structural transformation of black pepper from the pulsed microwave heating effect.
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properties of black and white pepper extracts using maceration method. However, there are several drawbacks with the aforementioned methods, which include higher cost, higher solvent consumption, longer extraction time, low quality extracts and poor degree of selectivity. These limitations necessitated a research into finding a more efficient processing and improved technologies for optimal extraction of medicinal oleoresins from black pepper.
Microwave reflux extraction is such a method which combines the traditional solvent extraction and microwave radiation with the merit of higher extraction rate, shorter irradiation time, low solvent consumption, higher extract quality and high degree of selectivity [17] . Its electromagnetic waves are made up of electric and magnetic field, with characteristic dipolar rotation and ionic conduction [18] . The electric field generated inside the microwave cavity induces an ionic current in the solution and thus triggers the extraction process. The dipole rotation involves the re-adjustment of the molecular dipole moment to the ever changing electric field [19] . The solvent in-turn offers impedance to the flow of its ion under the influence of a rapidly altering electric field [20] . Anwar [21] reasoned that the level of chaos in the solvent-ions migration inside the plant matrix decreases as the dipole rotation reduces, with subsequent drop in heat energy and mass transfer. This study investigated the effects of a combination of extraction parameters to jointly optimize the extraction yield and percentage inhibition to stable free radicals. Physicochemical characterization such as Fourier transform infrared analysis (FTIR) and scanning electronic microscopy (SEM) were conducted to evaluate the structural changes under preextraction and post-extraction regime as discussed in the preceding sections.
Material and method

Material preparation
For this study the Malaysian Pepper Board (MPB) was our major supplier of standard grade black pepper (Piper nigrum). The initial moisture content of the pepper was 3-4% and these was grinded into a finely defined powder using a Knife Mill Grindomix grinder (GM-200 model, Germany). The powdered samples were then clarified into five different sizes of 0.105, 0.154, 0.30, 0.45 and 0.90 mm. These were neatly packed into an airtight nylon for subsequent extraction. Sigma Aldrich Chemical Co, Malaysia supplied 1,1-diphenyl-2-picrylhydrazyl (DPPH) and hydrogen peroxide reagent were used for antioxidant evaluation. The distilled water, acetone and ethanol were obtained from the Chemical Laboratory, Universiti Malaysia Pahang.
Experimental design
Taguchi optimization is an experimental design methodology which allows for a higher level of consistency in the extraction parameters. It has the merit of minimal experimental runs and lesser extraction time [22] . The SNR analysis was employed in the determination of optimal response settings with the aid of a 'larger-the-better' Gauss quadratic loss function. The test run with the largest SN-ratio therefore gave an higher response and hence is declared as the optimal response point [23] . In this study, the extraction parameters were the irradiation time (x 1 ), microwave power level (x 2 ), feed particle size (x 3 ), and molar ratio (x 4 ) as listed in Table 1 .
The optimizations of oleoresin yield together with the antiradical activities were designed and analyzed using Minitab 17 ® design software. Three-operating levels were used for each of the four extraction parameters obtained from a preliminary single-factor experiment. The effects of these factors on the extraction yield and inhibition percent were thoroughly examined.
Microwave reflux extraction
The extraction process was performed using the microwave lab-station (Ethos-ATC-FO 300, Milestone, N. America). The extraction system was equipped with a cooling system, magnetic stirrer, temperature control optical fiber and a ventilation system. 25 g of black pepper powder was mixed with suitable quantity of distilled water. These was irradiated using the operating conditions from the experimental design matrix. After extraction, the reactor was unloaded from the system and the irradiated sample loaded into the rotary evaporator (BUCHI, R-200 model, Germany) to concentrate the oleoresin extracts for subsequent bioassay and physicochemical characterization.
DPPH free radical scavenging assay
Radical scavenging activity of the spice extracts against stable DPPH free radicals was determined using UV-Vis spectrophotometer (U-1800 model, USA). The free radicals in the DPPH solution absorbed light at 517 nm and the antioxidant activities were then measured with decreasing absorbance. The method used by Zhang and Xu [16] was employed for this study. A 0.6 mM of DPPH stock solution was prepared from 0.0238 g of DPPH crystalline solid dissolved in 95% ethanol. The absorbance of the negative (A 0 ) control was then measured after 30 min incubation with 0.5 ml of ethanol and 2.5 ml of the DPPH mixture. However the effects of the extracts' golden colour was eliminated by measuring the absorbance of a mixture of different extracts concentration (0.5 ml) with 2.5 ml of ethanol and absorbance measured as (A 2 ). 2.5 ml of DPPH solution was mixed with 0.5 ml of spice extracts at different concentration (50, 100, 150, 200 and 250 µg/ml) and the absorbance was measured as A 1 . The percentage inhibition was calculated using the expression in Eq. (1).
The IC 50 value was determined to measure the concentration of the spice extract required to scavenge DPPH free radicals by 50%. The inhibition percents were plotted against five concentrations of extracts to obtain the inhibition curve. A regression equation was thereafter estimated from the absorbance data points as shown in Eq. (2).
where I is the Inhibition percent; c is the spice oleoresin concentration; m is the slope; and k is the intercept.
Hydrogen peroxide free radical scavenging assay
The scavenging activity of the oleoresin extracts on hydrogen peroxide radicals were estimated with the method used by Odeja [24] . Hydrogen peroxide solution (40 mM) was prepared from a 30% stock solution by diluting 4.53 ml of H 2 O 2 -stock solution with 1 l of distilled water. Phosphate buffer (50 mM, pH 7.4) was prepared from monobasic sodium hydrogen phosphate (6.8 g) and dibasic potassium hydrogen phosphate (7.1 g) each in 50 ml of distilled water. The concentration of hydrogen peroxide was determined against the phosphate buffer solution at absorption of 285 nm using a UV-Vis spectrophotometer (U-1800 model, USA). Absorbance (A 0 ) of the blank solution was measured at 285 nm after 10 min of incubation in the dark. 3.6 ml of hydrogen peroxide solution was mixed with 0.6 ml of spice extracts at different concentration and the absorbance measured as A 1 after 10 min of incubation. All measurements were taken in triplicates with percentage inhibition estimated using the Eq. (3).
(1)
(2) I = mc + k Antioxidant value was expressed as IC 50 , which represented the concentration of spice extracts required to scavenge initial H 2 O 2 solution by 50% at steady state. A lower IC 50 therefore suggests that the extract has a stronger scavenging capacity and vice-versa.
Functional group analysis
FTIR was carried out on the golden brown extract to determine the functional groups present and chemical transformation that has taken place in the bonding structure from microwave radiation. This was conducted using the FTIR spectrometer (Thermo-Nicolet iS5 iD7 ATR, Germany) equipped with OMNIC software. The KBr standard procedure was employed with a scanning wave number ranging between 4000 and 500 cm −1 .
Morphological analysis
The physical characteristics of the black pepper sample before and after extraction was examined using a scanning electronic microscope (Phillips XL30, Holland). The SEM-images of the fresh black pepper powder and the one obtained from the optimum extraction condition were properly observed to determine the structural deformation that has taken place. The test samples were mounted on an adhesive plate, air-dried and coated with thin layer gold before analyzes. The coating of the sputter was carried out to get rid of electrical discharge and thereafter analyzed at an a voltage and magnification of 15 kV and ×(40-300) respectively.
Results and discussion
Experimental design statistical analysis
Taguchi methodology was conducted to study the effect of four extraction parameters on the extraction yield and antioxidant activities of black pepper extracts. Table 2 , clearly revealed that the optimum extraction condition was achieved at 120 min irradiation time, 350 W microwave power, 0.105 mm particle size and 12 g/ml molar ratio. Under this condition, the extraction yield was 5.64% (w/w) and the extracts' percentage inhibition were 88.75 and 90.31% for DPPH and hydrogen peroxide, respectively. The percentage inhibition of black oleoresin extracts on DPPH and H 2 O 2 -radicals, indicated that black pepper spice extracts exhibited higher scavenging activity on H 2 O 2 -radicals than DPPH-radicals. This shows the effectiveness and stability of DPPH reagent in analyzing the antioxidant activity
of natural product as reported by Zhang [16] . However, the signal-to-noise ratio (SNR) was used to determine the optimum operating point. The results from the parametric study showed that the experimental runs-8 has the largest signal-to-noise ratios of SNR y1 = 15.03, SNR y2 = 38.96 and SNR y3 = 39.11. According to Thakker et al. [26] , the point with the highest SN-ratio is the condition with an optimal yield and maximized percentage inhibition. The negative SN-ratio is therefore an indication of a bad response for some factor-level [27] .
Validation of optimal condition
Triplicate confirmatory tests were conducted from the optimal inhibition percents. Three parallel results were obtained from the predicted optimal (5.64% w/w) for extraction yield and these were 5.65, 5.60 and 5.61% (w/w). The estimated X-goodness-of-fit value was obtained as 0.021. Also the confirmatory tests from the percentage inhibition of DPPH radicals were 88.51, 89.71 and 88.74%. However, the H 2 O 2 -inhibition percent of parallel test were 90.34, 90.32 and 90.30%. The optimal inhibition percent from the experimental design (y 1 = 88.75% and y 2 = 90.31%) therefore generated an estimated X-goodnessof-fit test values of 0.067 and 0.014 respectively using Eq. (4).
where E is the experimental value, P is the predicted value. From the Χ 2 -values, it can be seen clearly that the value obtained is smaller when compared with the 7.81 cut-off value for a 3-degree of freedom at 95% confidence level [28] . This confirmed that there is no-significant difference between the predicted and actual optimal response settings.
Statistical analysis of mean (ANOM) effect
The analysis of mean (ANOM) is a statistical tools used as a multiple comparison test based on Bonferroni inequalities [29] . The average main effects of response means on each operating factors were computed at different level, in accordance with the investigation carried out by Abbass et al. [30] . The result from Table 3 showed that irradiation time has the most significant effects on the responses with the highest percentage contribution. The contribution percent of irradiation time to the extraction yield, DPPH and H 2 O 2 antiradical percent were 50.70, 66.83 and 68.30% respectively. A change in the irradiation time therefore has a greater influence upon the extraction yield, hence on free radical inhibitory activities. Evidence of inverse proportionality between the irradiation time, microwave power, particle sizes and molar ratio, show that for a longer irradiation time, a lower power setting, larger particle sizes and higher molar ratio should be used to obtain higher antioxidant activity. Furthermore, the average main effects of response mean at three-operating levels (−1, 0, +1) showed decreasing order of contribution as x 1 > x 3 > x 4 > x 2, x 1 > x 2 > x 4 > x 3 and x 1 > x 4 > x 2 > x 3 for oleoresin yield, DPPH and H 2 O 2 antiradical percent, respectively. This indicated that the four extraction factors have different effects on the response means at different operating levels.
Determination of average antiradical effects
The antioxidant activity of the black pepper extracts was evaluated using the stable free radicals of diphenylpicrylhydrazyl (DPPH) and hydrogen peroxide (H 2 O 2 ). DPPHassay is a rapid and useful method for a novel investigation of antioxidant properties from plant extracts [31] . However the use of one antioxidant assay is not sufficient for a proper investigation of the antioxidant properties of extracts from plant origin [24] . The half maximal inhibitory concentration (IC 50 ) was estimated from slope of inhibition curves (expressed in percentage). The IC 50 value is the concentration of black pepper oleoresin extracts that inhibited half of the stable DPPH and H 2 O 2 free radicals. This was estimated to be 107.57 and 87.78 µg/ml for DPPH and H 2 O 2 assays respectively (Table 4 ). All experimental procedures were performed in triplicates as illustrated in Fig. 1 . The lower IC 50 for H 2 O 2 -assay suggests that the black pepper extracts showcased higher inhibition on H 2 O 2 -radicals than DPPH-radicals. This suggested that the DPPH-assay presented an highly sensitive, efficient and rapid in vitro antioxidant assay compared to H 2 O 2 [32] . The results obtained gave a slight deviation from the IC 50 value recorded by Zhang et al. [16] which is attributed to the differences in the initial concentration of the black extracts used.
Functional group analysis
The absorption spectra of different functional groups contained in the oleoresin extracts of black pepper were illustrated in Fig. 2 . The absorption band of 3300 cm −1 represents the intermolecular H-bonding while the CH 2 assymmetric stretching has an observed peak of 2940 cm −1 . The stretching of -CO-N group was obtained at peak 1630 cm −1 , whereas the aromatic stretching of the phenyl ring was observed at peaks 1580 and 1488 cm Inhibition percent (%)
Extracts concentration (µg/ml) H2O2-assay DPPH-assay peaks at 997 cm −1 is a representation of vibrational CHbending for trans -CH=CH-, whereas the peaks at 929 and 849 cm −1 was attributed to the C-O-stretching and out-ofplane C-H-bending respectively. Generally, the observed functional groups shared higher resemblance with the IRspectra obtained by Gupta et al. [15] .
Surface morphology
The monographs of the black pepper matrix before and after exposure to microwave radiation show a remarkable transformation in physical structure of the sample as shown in Fig. 3a, b . The absoption of the microwave energy by the polar end of the pepper matrix resulted in a ruptured elongated stone-like parenchyma cells as shown in Fig. 3b . This is preceeded by an absorption of solvent by the cellulosic cellwall. This lead into a swollen outer layer before an eventual rupturing. This result is similar to the morphological changes observed in the SEM-images obtained by Raman and Gaikar [33] . This further confimed a structural change and physical deformation occasioned by the exposure of the sample to microwave radiation.
Conclusion
Taguchi orthogonal design was used to study the effect of four extraction factors on the extraction yield and antiradical activity of black pepper extracts. The optimum extraction condition was achieved at 120 min of irradiation time, 350 W of microwave power, 0.105 mm of particle size, and 12 g/ml of molar ratio. The optimal extraction yield under this condition was 5.64% (w/w). However the optimal inhibition percent were 88.75 and 90.31% for the stable DPPH and hydrogen peroxide radicals, respectively. The half maximal inhibitory concentration (IC 50 ) was estimated to be 107.57 and 87.78 µg/ml for DPPH and H 2 O 2 assays, respectively. The lower IC 50 for H 2 O 2 -assay indicated that the oleoresin extracts has a higher inhibition on H 2 O 2 -radicals than DPPH-radicals. The characteristics fingerprinting (i.e. Fourier transform infrared spectroscopy, and scanning electronic microscopy) further elucidated the physicochemical transformation of the pepper matrix after exposure to microwave radiation. This is an indication that the oleoresin extracts of black pepper could be used as natural antioxidant in place of the synthetic ones, which has shown carcinogenic and hepatotoxic effect. 
